A gram-negative coccobacillus was isolated from the lower respiratory tract of a cat with chronic obstructive pulmonary disease. The isolate required CO2 and V factor for growth and was initially identified as Haemophilus paraphrophilus on the basis of its nutritional requirements, colony morphology, and some biochemical tests. Because of the host specificity ofHaemophilus species and discrepancies in catalase, oxidase, and hemolytic activities, additional testing was done. Extensive biochemical testing, G+C content, and DNA reassociation studies indicated that the organism was distinct from other Haemophilus species. Therefore, the organism was identified as a previously unrecognized Haemophilus species and was tentatively named "Haemophilusfelis." Bacteria identical to the original isolate were isolated from the nasopharynxes of 6 of 28 apparently normal cats, indicating that H. felis or H. felis-like organisms may be common members of the feline upper respiratory tract flora.
Haemophilus species are common commensal organisms of the mucosal membranes of humans and animals (1, 8) . While most species may cause opportunistic infections only in compromised or stressed hosts, some species like H. influenzae type b in humans and H. parasuis in swine cause more serious diseases. Most animals and birds are known to carry at least one species of Haemophilus (1) . Haemophilus infections in cats, however, are rare, and no particular Haemophilus species has been associated with cats. In this report, we describe the isolation and characterization of a previously unrecognized Haemophilus species that we have tentatively named "H. felis." The organism was originally isolated from a cat with chronic pulmonary disease. In addition, similar or identical bacteria were isolated from the nasopharynxes of 6 of 28 apparently normal cats. CASE REPORT A 6-year-old, spayed, domestic short-haired cat was admitted to the Virginia-Maryland Regional College of Veterinary Medicine Teaching Hospital because of a 4-year duration of raucous breathing described by the owner as audible "gurgling." Sneezing, coughing, and nasal discharge were absent. The raucous breathing was unresponsive to chlorpheniramine and various antibiotics (amoxicillin, chloramphenicol, erythromycin, cefadroxil, and cephalexin) administered sporadically over the past 4 years. The cat was housed indoors with another healthy cat. Routine vaccinations were current, and the cat was negative for feline leukemia virus.
On examination, increased airway noise was characterized by fluidlike sounds that were most prominent over the nasal passages (7) , growth around commercial disks impregnated with NAD (Remel) on brain heart infusion agar, and growth on brain heart infusion agar with and without an NAD supplement in the medium. The requirement for X factor was determined by the porphyrin test (6) and by growth around commercial disks supplemented with X factor (Remel) on brain heart infusion agar. Oxidase activity was determined by the spot method with 1% tetramethyl-pphenylenediamine dihydrochloride (Becton Dickinson and Co., Cockeysville, Md.). Reduction of nitrite and nitrate (2, 12) and production of neuraminidase (12, 16) were determined as described previously. Sugar fermentation, hydrogen sulfide production, hemolytic and CAMP activities, and production of selected enzymes were determined as described previously (7, 12) . The MicroScan HaemophilusNeissena Identification Panel (HNID; American Microscan, Sacramento, Calif.) was used according to the manufacturer's instructions. Biochemical data on each Haemophilus species used for comparison with "H. felis" have been reported previously (1, 7, 9, 12) .
DNA isolation and mole percent G+C content. Bacteria were grown with vigorous shaking to the mid-log phase in 500 ml of supplemented brain heart infusion broth. The bacteria were washed three times in 0.1 M phosphatebuffered saline (pH 7.4), and DNA was isolated from all species at the same time by using the isolation procedure described by Marmur (10) . The final DNA preparations were dissolved in lx SSC (lx SSC is 0.15 M NaCl and 0.015 M sodium citrate [pH 7.0]) diluted 1:10 (0.1x SSC) and were stored at -20°C.
The mole percent G+C content of the DNA preparations was estimated from the thermal melting profile by using Escherichia coli DNA as a standard (5, 11 Interpretation of inhibitory zone diameters was determined as recommended previously (3, 13) .
RESULTS
The respiratory exudate of the cat described in the case report was cultured onto MacConkey agar in air and on blood agar and enriched chocolate agar in 7% CO2 at 35°C.
After 24 h, one quadrant of growth of small (0.5-to 1.0-mm), raised, rounded colonies was present only on chocolate agar and in pure culture; the colonies remained small for up to 48 h. Growth was absent on blood and MacConkey agars at 72 h postinoculation. The organism failed to grow when it was initially subcultured onto chocolate agar in air. After several subcultures on chocolate agar in C02, however, it no longer required CO2 for growth. Growth occurred on brain heart infusion agar in the presence of a disk containing V factor but not around a disk containing X factor. The requirement for V factor was confirmed by growth of the bacterium on brain heart infusion agar supplemented with NAD (growth was absent on the same medium without NAD) and by satellite growth around a streak of Staphylococcus species on blood agar. After 3 days the test colonies were weakly hemolytic on the blood agar. On supplemented brain heart infusion agar, the colonies were raised, round, 0.5 to 1.0 mm in diameter, very adherent, and difficult to remove from the plate; they had a yellow pigment when they were collected on a loop. Initial tests indicated that the organism was catalase positive, reduced nitrate, and was urease and indole negative. Oxidase activity by the spot method was negative within 10 s. All sugar fermentations in unsupplemented CTA medium (Remel) were negative. The MicroScan HNID identified the organism as H. paraphrophilus. However, when American Type Culture Collection type strains of H. paraphrophilus and H. parasuis were tested in the system, the isolate from the cat had a profile identical to that of H. parasuis 677000, which is not in the HNID data base. The discrepancy was due to two biochemicals, p-nitrophenyl-a-D-glucosidase and N--y-L-glutamyl-a-naphthylamide, both of which were positive for the H. paraphrophilus strain but negative for H. parasuis and the isolate from the cat. In addition, H. parasuis is catalase positive and oxidase negative, whereas H. paraphrophilus is catalase negative and oxidase positive. The G+C ratio was 37% for H. parasuis, 40% for H. paraphrophilus, and 38% for the isolate from the cat.
Since H. paraphrophilus is a human commensal organism and has not been associated with infections in animals, the isolate was sent to the Meningitis and Special Pathogens Section at the Centers for Disease Control in Atlanta, Ga. The Centers for Disease Control reported the isolate as H.
paraphrophilus on the basis of characteristics similar to those of reference strains. Because of the discrepancy in catalase and oxidase activities between H. paraphrophilus and the isolate from the cat, however, additional biochemi-VOL. 30, 1992 on October 28, 2017 by guest http://jcm.asm.org/ Downloaded from (9) . The isolate from the cat was also resistant to bacitracin in chocolate agar (300 ,g/ml). The average DNA similarity of labeled DNA from the cat isolate ranged from 6% with H. paracuniculus DNA to 17% with H. paraphrophilus and H. haemoglobinophilus DNA (Table 2) . However, the reassociation similarity of labeled DNA from H. haemoglobinophilus with unlabeled DNA from the isolate from the cat was only 9%, suggesting that some homologous contaminating DNA may have been present in the unlabeled H. haemoglobinophilus sample. Some cross-contamination of unlabeled DNA from the isolate from the cat and H. influenzae may also have occurred with labeled DNA from H. paraphrophilus because of the higher reassociation similarity that occurred compared with that which occurred with the labeled DNA (32 and 17% for the isolate from the cat and 35 and 9% for H. influenzae with labeled and unlabeled DNA from H. paraphrophilus, respectively). Nonetheless, on the basis of the DNA reassociation similarity, colonial morphology, and biochemical profiles, we concluded that the isolate from the cat was a distinct species in the genus Haemophilus and have tentatively given it the name "Haemophilus felis." The type strain is TI189, which has been deposited in the American Type Culture Collection (ATCC 49733). Two isolates from normal cats, TI 7B and TI 14B, have also been deposited and have been designated ATCC 49734 and ATCC 49735, respectively.
An Haemophilus species from cats has not been reported previously. Therefore, samples from the nasopharynxes of 28 apparently normal cats housed at the Veterinary Microbiology Research Laboratories were cultured to determine whether the bacterium is common to the feline upper respiratory tract. Eleven isolates that required NAD and had colony morphologies identical to that of the original isolate were obtained from six cats. Six isolates were isolated from six cats on chocolate agar with bacitracin, and five isolates were obtained from five of the same cats on chocolate agar without bacitracin; all plates were incubated in CO2. In addition to colony morphology, all of the isolates were identical to the original isolate on the basis of their catalase, oxidase, indole, nitrate, and urease test results. Two of the isolates were lost during subculture, and seven of the isolates were identical to the original isolate in their ability to ferment all carbohydrates tested (arabinose, galactose, glucose, inositol, lactose, maltose, mannitol, mannose, raffinose, ribose, salicin, sorbitol, and sucrose). In contrast to the type strain, two isolates were weakly positive for raffinose and one isolate was weakly positive for salicin, as determined by pH measurement, but they were otherwise identical to the type strain. Because the cats from which these bacteria were isolated were involved in another noninfectious disease-related project, we were not able to do more extensive examinations to determine whether any underlying respiratory pathology was present.
Disk diffusion susceptibility testing of the primary isolate obtained from the case cat and each of the isolates obtained from the normal cats was done on HTM. The original isolate was susceptible to amoxicillin-clavulanate, ceftriaxone, cefuroxime, chloramphenicol, ciprofloxacin, imipenem, tetracycline, and trimethoprim-sulfamethoxazole and was resistant to ampicillin. The other antibiotics approved for testing with HTM were not available (3, 13) . Of the nine additional isolates obtained from healthy cats, one was resistant to ampicillin and ampicillin-clavulanate and intermediate to cefuroxime, one was resistant to ampicillin and ampicillinclavulanate, and two were intermediate to ampicillin; these isolates were susceptible to all other drugs tested. The remaining isolates were susceptible to all drugs tested. The antibiotic susceptibility profiles of isolates obtained from the same cats were identical.
DISCUSSION
Chronic bronchitis in cats can be triggered by many causes, such as immotile cilia syndrome, bronchiectasis, feline asthma, and viral or parasitic infection. The resulting inflammation may cause mucosal hyperemia and edema, proliferation of bronchial glands and goblet cells, and increased secretions. In the case of the cat described in this report, chronic accumulation of mucous in the respiratory tract (similar to human cystic fibrosis) was apparently the predisposing condition causing obstructive pulmonary disease. Secondary bacterial colonization and infection can exacerbate the clinical signs and prevent normal recovery by inducing inflammation. The isolate from this cat was obtained from the specimen in pure culture. An Haemophilus species from cats has not previously been recognized as a pathogen, and therefore, the isolate described here probably colonized the respiratory tract of an already compromised animal. The isolate was initially identified as H. paraphrophilus, but H. paraphrophilus is a commensal organism of the mouths and throats of healthy humans (4) and has not previously been recovered from cats or any other animal species. Because the organism was strongly catalase positive, oxidase negative, and biochemically more similar to H. parasuis, extensive biochemical and DNA testing was done.
Besides catalase, other predominant features that distinguished the isolate from the cat from H. paraphrophilus was a delayed hemolytic reaction on sheep blood agar in the presence of Staphylococcus species; the lack of gas from glucose (although H. paraphrophilus strains were variable for gas production); failure to ferment melibiose, trehalose, and ribose; and fermentation of mannitol. In addition, the acid produced by the isolate from the cat in fermentation tests was relatively weak, reducing the pH of the medium (e.g., mannitol) from 7.6 to only 6.5, which is similar to the degree of acidification produced by H. parasuis (7) . In contrast, the acid produced by H. paraphrophilus carbohydrate fermentation reduces the pH of the medium to 5.4 or less (7). The isolate differed from H. parasuis in colony morphology, CO2 requirement, a-fucosidase activity, and mannitol and ribose fermentation. However, some isolates tentatively identified as H. parasuis from pigs have demonstrated improved growth in the presence of CO2 (7). The isolate was substantially different from taxon D in many of the biochemicals. The G+C content of 38% for the isolate from the cat was similar to the G+C content of 37% for our reference strain of H. parasuis and the mean 38.7% G+C content reported for the Haemophilus type species H. influenzae (7, 14) . The G+C content of 40% for our reference strain of H. paraphrophilus was very similar to the average G+C content of 41.9% for five H. paraphrophilus strains reported previously (7) .
DNA reassociation data between the isolate from the cat and five other Haemophilus species confirmed that the isolate is a distinct species. However, DNA reassociation was greatest between the isolate from the cat and H.
paraphrophilus, supporting the similarity in colonial morphology, supplemental CO2 requirement, and some biochemical tests. The next closest association was with H. parasuis, which also shared some biochemical similarities with the isolate from the cat. Therefore, the isolate was tentatively assigned to the genus Haemophilus as "H. felis." Differentiation of "H. felis" from other Haemophilus species is most easily determined by host specificity, colony VOL. 30, 1992 on October 28, 2017 by guest http://jcm.asm.org/ morphology, catalase and oxidase activities, and mannitol and ribose fermentations.
Culture samples from the nasopharynxes of 28 apparently normal cats resulted in the isolation of bacteria that required NAD and that were morphologically identical to the original isolate from six cats. For nine isolates that survived, all biochemical tests were identical to those for the original isolate from the cat except for weak raffinose fermentation by two isolates and weak salicin fermentation by one isolate, as determined by pH measurement. Therefore, "H. felis" or "H. felis"-like organisms may be relatively common inhabitants of the feline upper respiratory tract, but it has only now been identified because of its isolation in pure culture from a cat with chronic respiratory disease.
Antibiotic susceptibility testing indicated that resistance to ampicillin can occur, but the organism would be susceptible to most cephalosporins, chloramphenicol, imipenem, tetracycline, and trimethoprim-sulfamethoxazole.
